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INTRODUCTION 

The  purpose  at  this  study  Is  to  find  out  ths  ability  of  ths  aye  to  see  a dark  object 
against  a sky  background  at  night  after  the  aye  has  bean  exposed  to  a flash  of  light,  or  a 
series  of  far  has.  In  this  study  the  pahern  illustrated  in  Pig.  1 has  been  used  to  measure 
the  ability  at  the  eye  to  see.  Using  his  right  eye  only,  the  subject  looks  at  the  red  fixation 
point  (A)  and  this  brings  the  test  object  (B)  to  fall  S°  to  the  right  of  the  principal  line  of 
sight.  B is  a disc  having  a brightness  in  most  of  the  experiments  equal  to  0.0107  milli- 
lambert  and  wnen  such  a surface  Is  viewed  through  a 2 mm.  artificial  pupil,  as  was  the 
case  in  the  experiments  to  follow,  the  retinal  illumination  (0.  107  troland)  is  equivalent  to 
that  produced  by  a moonlit  sky.  The  Diack  bar  axtauding  vertically  aero**  the  center  of 
the  disc  can  be  varied  in  width  to  measure  the  threshold  of  visibility.  By  this  method  it 
is  possible  to  measure  the  sensitivity  of  this  part  of  the  retina  while  keeping  it  exposed  to 
e constant  background  brightness. 

If  a flash  of  light  directly  stimulates  that  region  of  the  retina  which  is  tr  be  tested. 

It  will  effect  directly  the  adaptation  of  the  photoreceptors  in  that  region,  end  in  order  to 
investigate  the  effect  of  auch  a direct  exposure  the  following  procedure  was  used.  While 
the  eye  fixated  the  point  A.  the  disc-shaped  arse  (8)  had  superimposed  upon  it  c patch  of 
brightness  at  the  same  else  and  shape  as  B and  then,  wMi«  the  eye  continued  to  fixate  A. 
recovery  at  the  stimulated  area  of  the  retina  was  studied  by  measuring  the  threshold  width 
at  the  black  bar. 

The  brightness  and  duration  at  these  flashes  have  been  investigated,  end  also  the  ef- 
fect of  using  a multiple  number  of  flashes.  An  attempt  has  also  been  made  to  evaluate  the 
performance  of  the  eyo  •*  lower  levels  of  background  brightness  thtu.  0.01  millilambert. 

Under  the  conditions  of  this  typo  of  experiment,  the  exposure  of  tin  eye  ic  a flash 
patch  not  only  Impairs  ths  capacity  of  the  photoreceptors  to  respond  to  subsequent  stimu- 
lation but  also  produces  a positive  after-image.  A complete  understanding  of  the  effect  of 
• flash  of  light  cannot  be  claimed  until  the  role  played  by  this  positive  after-image  is  taken 
into  account.  When  the  flash  patch  is  exactly  the  same  alas  and  shape  as  the  test  patch. 

It  might  be  questioned  whether  email  eye  movements  which  cause  a fresh  portion  of  the 
retina  to  receive  a portion  of  the  image  of  the  test  patch  might  affect  the  results.  Conse- 
quently, exploratory  experiments  have  been  undertaken  with  much  larger  flash  patches  to 
investigate  the  role  played  by  this  factor. 

Whan  the  flash  patch  falls  In  a different  part  of  the  field  than  the  test  patch,  one  of 
the  obvious  ways  iz  which  the  test  patch  can  offset  ths  subsequent  response  of  the  »ye  to 
the  her  is  for  stray  light  from  the  flash  patch  to  cover  the  region  of  the  retina  in  which 
the  teat  patch  falls.  This  adapts  that  region  ef  &s  retina  to  a lev*!  of  retinal  illuminance 
represented  by  the  stray  light.  If  the  affect  ef  a Hash  patch  which  does  not  coincide  with 
or  overlap  the  test  patch  can  be  accounted  for  in  taims  of  stray  light  in  the  eys,  then  the 
effect  of  a given  distribution  of  light  in  a flash  in  the  visual  field  could  be  evaluated  without 
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an  empirical  investigation  of  all  uw  possible 
brightness  distributions  which  might  occur. 

In  order  to  explore  this  possibility,  flash 
patches  at  various  distances  from  tho  test 
patch  have  been  used;  the  effect  of  area  of 
the  test  patch  has  also  been  investigated  as 
well  as  the  effect  of  placing  the  flash  patch 
on  the  blind  spot. 

Ir  all  of  this  work,  the  size  of  the 
beam  entering  the  eye  has  been  restricted  by 
artificial  pupils  which  are  smaller  than  the 
natural  pupil,  so  that  variations  in  the  site 
of  the  natural  pupil  have  not  influenced  the 
results.  There  are  changes  in  pupil  sixe 
which  occur  as  - result  of  a flash  of  light, 
but  it  was  decided  to  study  these  effects  in 
a separate  investigation  which  will  be  de- 
scribed in  another  report. 


APPARATUS  AND  PROCEDURE 

A.  Head  Supports 

The  subject's  bead  was  supported  by  a 
forehead  support  and  biting  board  which  could 
be  adjusted  to  put  the  center  of  the  entrance 
pupil  of  the  right  eye  at  the  point  E,  in  Fig. 
3,  whan  this  eye  is  fixating  the  red  fixation 
point  at  Ai.  Sighting  devices  not  shown  in 
the  figure  were  used  in  making  this  adjust- 
ment. 


Sf in  1.  Ptrlpfc*ral  T»»t 
r SMMritf  th«  Ability 
Agalait  • Sky  ael«Nui. 


DISTANCE  TO  NlfMT  AND  LIFT  OF 
CENTER  OF  TANCET  (INCHES) 


B.  The  Fixation  Potnt. 

Filin  I.  Diatribatiaa  if  tSe  Light  IllaaiattUg  lb 

Light  from  the  small  bulb  8j  passes 

through  a red  filter  and  the  pin-point  aperture  A,,  then  strikes  the  small  mirror  M|  and  is 
reflected  so  as  to  strike  the  peripheral  region  of  the  lens  Li  in  such  a way  that  the  image 
of  A}  is  seen  approximately  5°  from  the  center  of  the  lens  Lx  by  the  right  eye  of  the  ob- 
server placed  with  lte  entrance  pupil  at  the  point  E.  The  intensity  of  the  fixation  point  can 
be  controlled  by  a rheostat.  The  mirror  image  of  Ax  falls  in  the  plane  of  the  aperture  Ag. 


C.  The  Visual  Acuity  Measuring  Device 

The  visual  acuity  target,  T,  is  a veriic*!  black  line  on  a piece  of  white  cardboard, 
which  is  illuminated  by  two  line  filament  sources  8a  the  intensity  of  which  can  be  varied  by 
a rheostat.  Considerable  care  has  been  Axerclsed  in  the  design  of  the  form  of  the  sources 
Sg  and  their  positions  with  relation  to  the  target  in  order  to  maintain  uniform  illumination 
on  the  target.  The  vertical  line  filaments  of  the  two  sources  are  long  enough  so  that  one 
can  assume  that  these  sources  are  equivalent  to  two  luminous  lines  indefinitely  extended 
Consequently,  ono  can  aaaume  that  the  illumination  is  constant  at  points  on  any  given  verti- 
cal line  across  the  target.  Assuming  that  the  two  luminous  lines  are  indefinitely  extended 
the  illuminance  (I)  in  foot-candles  at  any  given  point  P at  a distance  v from  the  perpendicu- 
lar line  through  the  center  of  the  target  is  as  follows: 
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• trolley  which  moves  along  tha  axis  ZZ'  and 
this  movement  la  synchronized  witn  that  of  tha 
target  by  a apaclal  driving  mechanism  daacribad 
below  which  la  daalgnad  to  kaap  tha  lmaga  at 
tha  targat  formed  by  lana  La  in  the  plana  at  tha 
aperture  Ag.  Tha  eye  at  E caea  tha  image  of 
the  target  at  optical  infinity  and  magnlflad  to  a 
variable  degree  depending  on  tha  poaltlon  at  tha 
targat.  A vertical  aectlon  of  this  ayatem  along 
tha  line  ZZ'  la  illustrated  in  Fig.  4. 

Tha  angle  aubtended  by  the  teat  object  et 
tha  apartura  A3  la  equal  to  tha  angle  aubtended 
by  the  lmaga  of  tha  target  aa  aaan  by  the  eye 
at  E since  tha  leneea  L,  and  L,  have  the  same 
focal  length;  since  tha  distance  from  E to  Lj  i» 
equal  to  tha  focal  length  of  L,y,  and  since  the 
distance  from  A3  to  Lg  la  equal  to  tha  focal 
length  of  Lg.  This  relation  simplifies  tha  com- 
putation of  the  angular  site  of  the  image  of  the 
bar  at  the  entrance  pupil  at  the  eye. 

The  driving  mechanism  designed  to  syn- 
chronize tha  movement  of  the  target  and  the 
Porro  p**iem  ia  shown  in  Fig.  5,  in  this  figure 
the  target  M corresponds  to  tha  targat  T in  Fig. 
3.  The  aperture  stop  F corresponds  to  aper- 
ture A3,  the  Porro  prism  corresponds  to  the 
Porro  prism  P},  the  field  stop  K corresponds 
to  the  aperture  A2,  the  mirror  J corresponds 
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to  the  mirror  M2  end  the  lenses  I end  11  correspond  to  La  end  L*.  The  pulleys  P4,  P3, 
P5,  Pis,  Pjg.  P9,  Pj  end  P15  ere  mounted  cn  axles  which  ere  fixed  to  the  Instru- 
ment. Pulleys  Pa,  Pjj,  Pg,  end  P^  ere  mounted  on  axles  fixed  io  the  moving  pulley  unit. 
Pulleys  Pji  end  Pja  are  mounted  on  ssles  which  ere  fixed  to  the  trolley  carrying  the  Porro 
prism.  The  position  of  the  Porro  prism  is  controlled  by  means  of  two  flexible  cables. 

One  of  these  cables  wraps  around  P12  and  connects  ths  point  S,  which  la  fixed  with  re- 
spect to  the  instrument,  with  the  point  R on  the  circular  arum.  The  second  cable  wraps 
around  pulley  Pj , and  connects  the  fixed  point  U with  the  point  R on  the  circular  drum. 

The  target  M is1  connected  to  the  flexible  cable  which  connects  ths  point  U with  the  point  R. 
The  circular  drum  is  mounted  on  a shaft  which  la  geared  to  a crank  controlled  by  the 
operator.  When  this  circular  drum  moves  in  a clockwise  direction  through  an  angle  tt  , it 
takes  up  a certain  amount  of  the  flexible  cable  UR  e:.d  releasee  the  errnunt  of  the 

cable  SR.  The  link  which  connects  the  eccentric  point  A on  the  circular  drum  to  the  point 
E on  the  moving  pulley  uni.'  moves  the  point  B on  the  moving  pulley  unit  through  a distance 
m from  its  starting  point  B*.  The  driving  mechanism  is  designed  to  keep  the  image  M'  of 
the  target  M in  the  plane  of  the  field  stop  K,  but  the  compensation  is  not  perfect  and  the 
displacement  (t)  of  M*  from  K Is  finite  end  found  by  means  of  the  following  equation: 


♦ - f2  (f  + 2m  + *•*), 

f + 2m  - fa 

(2) 

where 

t = focal  length  of  Ians  II 

(3) 
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m ■ b [ro»  es^  + - sin2  (Hi 

(4) 

Defining  magnification  ^ is  the  ratio  of  the  width  of  the  image  of  the  bar  at  M'  tc  the  width 
of  the  bar  at  M, 
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Fig.  6 ahowa  the  amount  of  displacement  t of  M'  from  X for  various  values  of 


The  field  atop  X limits  ths  finld  of  view  to  a circular  patch  8°  in  diameter.  The 
image  of  ths  target  completely  fills  this  aperture  and  ths  dark  vertical  line  through  ths  cen- 
ter of  the  target  appears  as  a dark  vertical  bar  through  the  canter  of  the  aperture  stop 
giving  the  appearance  shown  in  Fig.  1.  The  angular  width  of  this  bar  at  the  aye  is  given 
by  the  following  equation: 

Visual  angle  subtended  by  the  bar  at  the  eye  la  radians  • 7 (6) 

x 

whsre  y represents  ths  width  of  ths  black  line  on  ths  tsrgst  at  M and  x represents  the  dis- 
tance of  the  target  from  the  primary  focal  plane  (F)  of  lens  n which  is  also  the  aperture 
atop.  All  of  the  data  presented  in  this  report  except  those  dealing  with  low  background 
brightnssses  were  obtained  with  a black  line  0.  5 mm  wide. 


D.  Flash  Patch  Exposure  Devices. 

There  are  three  flesh  patch  exposure  devices,  two  of  which  will  be  described  here  and 
one  later  in  connection  with  Urge  flash  patches. 

Davies  No.  1.  This  device  provides  for  a flesh  patch  of  the  same  sire  and  position 
as  the  test  patch.  Light  from  the  ribbon  fiUmcnt  source  S3  in  Fig.  3 is  brought  to  a fo- 
cus with  the  lenses  Lg,  Lg  and  L4  at  the  aperture  A4  and  after  passing  through  the  neutral 
density  filters  Fj  and  F2  U collimated  by  the  lens  I.«,  passes  through  th-«  ••mi- silvered 
mirror  M2,  the  aperture  and  ia  then  brought  to  focus  at  the  carter  c'  ^ entrance 
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pupllof  eye  E by  the  lens  Lj.  The  field  etop  A2  ie  also  the  field  stop  for  the  test  patch, 
and  consequently  the  size  of  the  flash  patch  ia  the  same  as  that  of  the  test  patch.  The 
brightness  of  the  test  patch  Is  controlled  by  means  of  neutral  density  filters  (Fi  and  F2). 
The  aperture  A4  is  1 mm  in  diameter  and  constitutes  the  aperture  etop  for  the  flash  patch. 
An  image  of  the  aperture  is  formed  in  the  plane  of  the  entrance  pupil  by  the  lenses  L3  and 
Lj.  This  image  in  the  plane  of  the  entrance  pupil  has  the  same  size  as  the  aperture  stop 
Itself.  The  time  of  onset  and  duration  of  exposure  of  the  flash  source  is  regulated  by 
means  of  a shutter  device  which  is  partly  mechanical  and  partly  electromagnetic.  It  pro- 
vides exposure  durations  of  1,  3,  10,  30,  100,  300.  1,000  and  3,000  milliseconds  and 
longer  were  provided  by  Ihe  electromagnetic  part  of  the  shutter  which  cor.sUta  of  a sole- 
noid with  two  colls  one  of  which  opens  the  shutter  and  the  second  of  which  closes  the  shut- 
ter, The  colenold  ('oils  controlled  by  micro-switches  activated  by  cams  driven  by  a 
constant  speed  motor.  A single  manual  switch  le  pushed  to  turn  on  the  light  source  S3  and 
to  start  the  motor  which  drives  the  cams.  A aacond  switch  is  pushed  which,  when  the 
timing  mechanism  £3  first  ready  after  the  switch  («  pushad,  gives  on*  complete  exposure. 


Exposures  as  short  as  and  shorter 
than  30  milliseconds  are  obtained  by  moans 
of  a rotating  sectored  disc  shown  in  Fig.  7 
which  is  synchronized  with  tie  timing  me- 
chanism controlling  the  electromagnetic 
shutter.  It  rotates  10  times  per  second. 
The  electromagnetic  shutter  la  aet  to  give 


•n  exposure  of  100  xniUiss 
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this  Interval  the  rotating  sactorad  disc  pro- 
vides an  exposure  of  30,  10,  3,  or  1 mil- 
liseconds depending  upon  which  of  the  open 
sectors  crosses  the  beam.  Each  of  these 
exposures  starts  BO  milliseconds  after  the 
electromagnetic  shutter  opens.  The  axis 
of  the  rotating  disc  can  be  swilled  around 
a second  axis  parallel  to  ltsolf  so  that 
either  one  of  the  four  open  aectora  can  be 
made  to  cross  the  beam,  cr  the  entire 
disc  can  be  lifted  out  of  the  wsy  of  the 
beam  so  that  the  electromagnetic  shutter 
alon*  controls  tha  exposure. 

Device  No.  2.  Thi#  device  provides 
for  a peripheral  flash  patch  which  can  be 
pr.M.«.d  M th.  .y.  whn . th.  1.  told 

in  position  for  observing  the  teat  patch,  and  1,  I,  ' , n iuuimms  U>(-  tS< 

hence  one  can  foUow  through  with  tha  pre-  w p,r  4 

mentation  of  the  flash  patch  and  the  meas- 
urement of  the  effect  of  this  flash  upon  the 

visibility  of  the  bar  without  changing  tha  position  of  the  head  or  the  eye. 
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The  mechanism  for  this  device  la  more  clearly  illustrated  In  Fig.  8 which  ia  a sec- 
tion view  of  part  of  Fig.  3 along  the  axis  XX1.  Light  from  the  ribbon  filament  source  S'3 
le  focused  by  the  lens  L'g  In  the  plane  of  xhe  aperture  stop  A'4 . After  passing  through  tha 
diaphragm  A'4  the  light  passes  above  the  mirror  M3,  through  the  lens  L'3,  tha  Porro  prism 
P9,  the  lens  L'ia  then  alter  reflection  at  the  mirror  M3,  it  comes  to  a focus  at  the  center 
of  the  entrance  pupil  E of  the  observer's  eye  (Fig.  3).  The  elements  8*3,  A'4,  L'j,  L'3, 
L'}.  Po,  B'i  and  A'«j  are  mounted  on  an  arm  which  rotates  above  the  mirror  M«  around 
E',  which  la  the  image  of  E formed  by  the  mirror  M3.  This  provides  s means  for  vsrying 
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tn#  displacement  of  the  center  of  the  flash  patch  from  the  center  of  the  test  patch  through 
the  range  from  8°  fo  35°,  and  since  this  Is  In  the  horizcnlsl  meridian  of  the  right  eye, 
it  affords  a unique  way  of  studying  the  effect  of  light  scattered  within  the  eye  including  the 
effect  of  light  striking  the  blind  spot. 

The  aperture  stop  A'g  is  2 mm  in  diameter  and  an  Image  of  this  aperture  of  the  same 

else  is  formed  by  the  lenses  L'«  and  L',  at  the  center  of  tbs  *nt«.%nce  pupil. 

* 

The  aperture  A'2  controls  the  site  and  shape  of  the  peripheral  flash  patch.  This  is 
circular  and  several  apertures  were  used  providing  diameters  subtending  visual  angles 
ranging  from  2.  5°  to  C.  55s.  Tl«e  electromagnetic  shutter  B'  is  identical  in  type  with  the 
electromagnetic  shutter  Bj  and  its  onset  and  duration  of  exposure  is  controlled  by  the  same 
timing  mechanism  which  provides  exposures  of  100,  300,  1,  OuO  and  3;  04  9 milliseconds. 

E.  Procedure  in  Measuring  the  Effect  of  a Flash 

Preliminary  to  such  a measurement  it  is  necessary  to  adjust  the  headrest  and  the 
biting  board  so  that  when  the  subject  puts  his  head  in  the  instrument,  the  entrance  pupil  of 
the  right  eye  will  fall  at  the  proper  point.  The  subject  is  dark  adapted  for  30  minutes  in 
a dsrk  room  and  than  ha  puts  his  head  in  the  instrument.  His  attention  is  directed  to 
tne  fixation  point  which  he  attempts  to  fixate  steadily  during  the  course  of  the  experiment. 
Time  is  allowed  for  the  subject  to  become  bright-adapted  to  the  level  of  the  test  spot. 

When  tbs  operator  is  ready  to  give  the  subject  a flash  he  pushes  first  the  switch  that  starts 
the  recordsr,  then  the  switch  that  starts  the  timing  mechanism  and  turns  on  the  source 
for  the  flash  patch,  and  then  ths  switch  that  gives  the  exposure.  As  soon  as  the  flash  Is 
over,  he  throws  the  switch  which  stops  the  timing  mechanism  and  turns  off  the  source  for 
the  flash  patch  and  at  the  *>sme  time  marks  a line  on  the  record,  as  will  be  explained 
later,  which  indicates  the  cessation  of  tho  flash.  Starting  with  the  minimum  width,  the 
width  of  the  bar  Is  lncressed  until  It  first  becomes  vlsibls.  This  width  Is  recorded  s'.er 
which  the  width  Is  then  decressed  until  the  bsr  becomes  invisible  end  then  la  increased 
again  until  It  becomes  visible,  the  width  again  being  recorded.  This  process  is  repeated 
until  the  threshold  width  reaches  a stable  level.  The  subject  la  then  given  e second  ex- 
posure of  a flash  involving  a different  brightness  or  duration  and  ths  proesaa  of  recording 
the  effect  of  the  flash  la  repeated. 


If  immediately  after  the  caaaatlon  of  the  flash  the  bar  la  not  visible  when  it  is  In- 
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it  to  bo  vislbla,  and  then  the  else  la  decreased  until  it  becomes  Invisible,  then  increaied 
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agsin  until  it  becomes  visible;  this  is  the  threshold  size  that  is  recorded.  Trom  this  point 
on.  the  procedure  is  the  seme  ss  in  the  case  already  described. 

F.  The  Recording  Mechanism. 

The  recording  mechanism  is  illustrated  In  Fig.  3,  The  recording  table  with  a piece 
of  paper  mounted  on  it  moves  in  the  direction  of  the  arrow  at  a constant  rate  of  5 mm  per 
minute.  Above  the  moving  paper  is  a metal  plate  with  a small  hole  D through  which  a 

pencil  point  can  be  inserted  to  make  a small  circle  u-i  tha  record.  This  plate  la  attached 

to  a sliding  metsl  bar  driven  by  the  flexible  cable  which  la  held  tight  by  the  weight  and  Is 
attached  to  the  point  E on  the  non-circular  drum.  This  drum  is  mounted  on  the  same 
shaft  that  drives  the  target  M and  the  Porro  prism  which  controls  the  angular  size  of  the 
bar  as  seen  by  the  eye.  This  non-circuiar  drum  is  designed  so  that  the  displacement  of 
the  hole  D from  its  starting  point  D'  is  proportional  to  the  logarithm  of  the  angular  width 

of  the  imago  of  the  bar.  A record  of  the  position  of  the  hole  at  any  given  moment  can  be 

made  by  inserting  a pencil  and  tracing  around  the  edge  of  the  hole.  The  cessation  of  a 
flash  can  be  indicated  by  drawing  a straight  line  along  the  straight  edge  which  if  extend sd 
would  *pass  through  the  center  of  the  hole  D. 

The  data  for  a 50-minute  run  can  be  recorded  on  a single  sheet  of  paper.  Hence 
the  recording  table  is  set  in  motion  prior  to  the  first  exposure  of  the  flash  patch  in  any 
given  experimental  run  and  allowed  to  run  for  the  full  50  minutes.  If  the  session  proves 
to  be  longer  than  this  the  operator  takes  time  out  to  change  to  a new  -hset  of  pspsr  ’sr.d 
to  reset  the  recording  table  for  a new  run. 

The  graphs  presented  in  this  report,  showing  the  return  of  the  threshold  width  of  the 
bar  to  normal  following  exposure  to  a flash  patch,  are  direct  tracings  of  the  records  made 
in  the  manner  described  above.  In  each  graph  the  time  scale  and  the  scale  representing 
the  logarithm  of  the  width  of  the  bar  have  simply  been  added  to  the  trace  of  the  raw  data. 

Operations  such  as  adjusting  the  shutter  speed,  changing  the  filters,  changing  the  size 
of  the  bar  and  recording  the  data  can  all  be  carried  out  in  total  darkness;  consequently, 
during  the  whols  experiment  the  tield  of  view  of  the  subject  is  kept  in  tctal  darkness  ex- 
cept for  the  fixation  point,  the  flash  patch  and  the  test  patch.  If  an  emergency  makes  it 
necessary  for  the  operator  to  have  any  light,  a small  flashlight  covered  with  s red  filter 
is  used,  and  during  the  time  that  the  light  is  on  the  subject  is  asked  to  close  his  eyes. 

The  operator  carefully  avoids  pointing  the  flashlight  st  the  subject. 


SUBJECTS 

The  data  included  in  this  report  were  obtained  from  three  subjects  sll  of  whom  were 
men.  Subjects  M.  A.  and  L.  Z.  wore  their  corrections  and  subject  P.  H.  did  not.  The 
ages  and  corrections  for  the  different  subjects  are  glwn  in  Table  1. 

Table  1 

Subjects 


Subject 


Age  Correction  (Right  Eye) 


M . A. 

29 

+ 4.  75 

-1.37  x 5 

L.  Z. 

39 

+.  25 

• .50  x 10 

P.H. 

22 

None 
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Both  authors  of  this  report  participated  ae  subjects  in  the  numerous  pilot  experiments 
which  ware  conducted  during  the  perfecting  of  the  apparatus  and  in  the  determination  of  the 
limits  which  might  be  set  to  the  variables.  Although  the  senior  author  did  not  participate 
in.  the  final  experiments,  it  may  be  claimed  that  the  preliminary  observations  by  him 
showed  no  trends  which  differed  from  those  found  for  other  subjects. 

Results 


A.  The  Effect  of  Varying  the  Duration  and  Brightness  of  the  Flash 
Patch  When  the  Flash  Patch  la  Coextensive  with  the  Teat  Patch. 


The  results  obtained  with  flashes  of  various  brightness  and  various  durations  for  the 
three  subjects  are  presented  in  Figs.  9A.  B and  C.  Tha  records  for  different  durations 
at  the  same  brightness  level  were  obtained  in  a single  experimental  session  for  each  sub* 
ject.  Records  were  obtained  for  exposures  of  i.  10.  100  and  l.  000  milliseconds  aa  well 
aa  for  3,  30,  300  and  3,  000  milliseconds,  but  these  data  have  not  been  included  in  the  fig- 
ures because  of  the  convenience  in  analysing  the  results  afforded  by  having  both  tha  bright- 
ness variations  and  duration  variations  in  log  unit  steps.  Tha  graphs  arranged  in  diagonal 
rows  sloping  from  left  to  right  represent  constant  exposure  in  the  aenae  that  the  product 
of  brightness  by  time  la  constant.  Without  a more  detailed  analysis  of  the  results  the  con- 
clusion might  be  drawn  that  up  to  3 soc  reciprocity  holds  between  duration  and  brightness; 
that  la  to  say,  the  total  exposure  is  the  thing  that  determines  the  degree  of  impairment  of 
the  ability  to  aes  with  -the  para  fovea  and  also  the  time  required  for  this  ability  to  return 
to  normal. 

B.  The  Effect  of  Repetitive  Exposures  of  the  Flash  Source. 

In  order  to  demonstrate  the  validity  of  the  principle  of  reciprocity  in  the  case  of  in- 
termittent exposure,  experiments  involving  a sequence  of  thirty  flashes  »t  a frequency  of 
ten  per  second  were  carried  out  with  two  observers.  The  brightness  and  duration  of  the 
separate  flashes  were  varied  but  the  total  exposure,  that  is  the  product  of  brightness  by 
durstton  by  the  total  number  of  flashes,  was  kept  constant.  The  results  are  shown  in  Flga. 
10A  and  10B.  It  can  be  concluded  from  this  experiment  that  the  reciprocity  principle  still 
holds  with  intermittent  exposures. 

C.  The  Effect  of  Varying  the  Distance  of  a Flash  Patch  from  tha  Teat  Patch. 

Fig.  11  represents  the  data  obtained  from  one  of  the  subjects  showing  tha  effect  of 
varying  the  brightness  and  the  amount  at  displacement  of  a flash  patch  from  tha  taat  patch. 

On  the  assumption  that  tha  effect  produced  by  a displaced  flash  patch  results  from 
the  stray  light  which  produces  a veiling  illuminance  over  that  region  of  the  retina  on  which 
the  image  of  the  teat  patch  fails,  one  can  determine  from  Fig.  9A  the  brightness  of  a flash 
patch  which  is  appliad  to  the  same  area  of  the  retina  a a the  teat  patch  that  produces  the 
same  result  aa  the  displaced  flash  patch.  This  constitutes  a measure  of  the  stray  light 
(or  veiling  illuminance)  produced  by  the  displaced  flash  patch. 

It  can  be  noted  in  Fig.  11  that  the  effect  produced  by  a one- second  exposure  of  a 
flash  patch  8°  from  the  test  patch  and  producing  a retinal  illuminance  of  107,000  trolands 
is  approximately  the  seme  aa  for  ore  16°  from  the  teat  patch  and  producing  436, 000  tro- 
landa  or  one  33°  from  the  teat  patch  and  producing  3,  130, 000  trolands.  Furthermore,  as 
can  be  observed  in  Fig.  6A  this  effect  is  equivalent  to  that  produced  by  a one -second  ex- 
posure of  a flash  patch  superimpeaed  on  the  test  patch  and  producing  a retinal  illuminance 
of  44. 1 trolands. 


These  facts  sre  presented  graphically  in  Fig.  12.  which  shows  the  displacement  and 
retinal  illuminance  of  flash  patches  (3.  5°  in  diameter}  that  Droduce  a veiling  illuminance  of 
44.  1 trolands  over  the  image  of  the  test  patch. 

Moon  and  Spsncer,  2 on  the  basis  of  the  data  of  Holladay^  and  Stiles*,  have  recom- 
mended the  uso  of  the  following  equation  for  computing  the  veiling  brightness  (3y)  at  one 
part  of  the  field  of  view  produced  by  a patch  of  brightness  (glare  source)  in  a different 
part  of  the  field. 

By  • k •-«1E  - k 9'“BGWcosy  (7) 

where  k and  u «r«  constants  and  ars  squai  to  IS  and  2 respectively.  9 is  the  angle  in  de- 
grees between  the  center  of  the  test  patch  and  the  center  of  the  flash  patch;  E is  the  il- 
lumination in  the  plane  of  the  pupil  produced  by  the  glare  source;  (J  is  the  solid  angle  in 
steradlans  subtended  by  the  glare  source,  Bq  is  its  brightness,  and  hj T is  the  angular  de- 
viation of  the  pupillary  axis  from  tha  glare  source.  This  equation  does  not  hold  for  values 
of  g smaller  than  2°. 

Since,  in  the  case  in  hand,  the  beams  of  light  from  both  tha  teat  patch  and  tha  flash 
patch  are  restricted  *nd  enter  the  eye  without  Interference  from  the  natural  pupil,  tha  term 
cos  Y which  allows  for  the  obliquity  of  plane  of  the  natural  pupil  may  be  dropped.  Fur- 
thermore, in  computing  retinal  illumination  (i)  the  term  cos^r  may  bs  Ignored  In  the  cate 
of  restricted  beams  so  that  the  equation.  ' 

I - B A cos  TJT  . (8) 

where  A is  the  ares  of  the  natural  entrance  pupil  in  aq  mm,  B tha  brightness  in  c/m?, 

and  Y the  angular  deviation  of  tha  pupillary  axis  from  the  patch  of  brightness,  reduces  to 

I * B A (fl) 

where  A represents  the  eras  (aq  mm)  of  tha  croaa  section  of  tha  entering  beam  at  the  cen- 
ter of  the  entrance  pupil. 

Expresaad  in  terms  of  retinal  illuminance.  Equation  (7)  becomes 

*V  * *F  <10> 

where  ly  is  the  veiling  illuminance  produced  by  stray  light  covering  the  Image  of  the  test 

patch.  Ip  is  the  retinal  Illuminance  in  the  image  of  flash  patch,  and  id  is  the  solid  angle 

subtended  by  the  flash  patch.  As  applied  to  the  set  of  data  in  Fig.  12  the  solid  angle  sub- 
tended by  the  3.  b®  flash  patch  is  0.  00298  steradlans  and  the  value  of  Iy  Is  constant  at  44.  1 
trolands  and  hence,  if  as  assumed  by  Moon  and  Spencsr  that  k ■ 10  and  n ■ 2,  then 

h,  . (44.  1)  g2  . 1470  *2.  (11) 

r "TI3j — (,o6*88> 

The  straight  line  in  Fig.  12  is  a plot  of  this  equation. 

The  agreement  with  the  actual  data  is  not  perfect,  but  la  good  enough  to  Justify  the 
use  ox  equation  (7)  for  computing  the  effect  of  a displaced  flash  patch  upon  tha  subsequent 
visibility  of  a dark  object  against  a night  sky  background. 

In  accordance  with  the  basic  idea  that  the  affi  rt  produced  by  a displaced  flash  patch 
is  mediated  by  stray  light  in  the  eye,  the  effects  of  two  or  more  separate  flash  patch** 


may  b«  considered  to  be  strictly  *d- 
d<*'ve,  and  hence  Equation  (10)  maybe 
used  in  deriving  a genera)  equation  for 
computing  the  atray  light  at  any  given 
point  of  the  retina  produced  by  any  dis- 
tribution of  brightness  in  the  field  of 
view. 

lv  ■ kf*  (^2  f(9)B  cosTsln  « d^dO  (12) 

JoH\ 

where  f (9)  • (57.  96)' 2 when  6 is  ex- 
pressed in  radians  and  is  greater  than 
0.  035.  In  this  equation  Iv  is  the  veil- 
ing illuminance  at  a given  point  P'  on 
the  retina  corresponding  to  a given  di- 
rection OM  In  the  visual  field,  B is  the 
brightness  in  any  given  direction  OP 
which  makes  an  angle  9 with  OM  and 
has  a meridional  displacement  ^ *rom 
the  zero  half-meridian  through  the  axis 
OM.  ‘Hr  is  the  displacement  of  the  pu- 
p lllary  axis  from  OP,  fa  and  ^2  repre- 
sent the  limiting  values  of  for  a 
given  zone  9 radians  from  OM  for  which 
the  value  ofv  is  less  than«/2.  9'  is 
the  value  of  d for  the  largest  zone  at 
one  part  of  which  the  value  at  If  is  still 
not  more  than*/ 2. 

Equation  12  cannot  be  used  to  de- 
termine the  contribution  which  is  made  by  the  part  of  the  field  centered  at  P and  extondlng 
out  2°,  because  the  form  of  the  function  f (9)  is  not  known  for  valuef  of  9 less  than  2°. 
Further  study  of  this  problem  needs  to  be  made.  In  applying  thla  equation  to  the  problem 
ax  hand,  allowance  muat  be  made  for  the  changes  in  pupil  slse  that  occur  during  end  sub- 
sequent to  the  flash. 

D.  The  Effect  of  Varying  the  Ares  of  the  Dlsplacsd  Flash  Patch. 

Hoi taoay,  Stkei  and  uu>vii  mi,  ....  recognized  the  hnpertence  cf  the  role  played  by 
stray  light  in  evaluating  the  affect  of  a patch  of  brightness  in  one  part  of  the  field  of  view 
upon  the  ability  to  see  in  another  pert  of  the  field,  but  have  not  been  willing  to  ignore  com- 
pletely the  possibility  that  there  may  be  some  interaction  between  the  different  parts  of  the 
ratine  by  way  of  nervous  mechanisms.  Moon  end  Spencer  have  also  been  cautious  on  this 
point  but  have  tentatively  accepted  the  proposition  that  whatever  mecnanisms  exist  behavn 
as  if  ths  whole  effect  were  mediated  by  stray  light.  It  *s  Important,  therefore,  to  demon- 
strate by  whatever  methods  possible  tnat  the  phenomena  do  behave  as  if  mediated  by  atray 
light  and  whatever  evidence,  be  it  direct  or  Indirect,  that  bears  upon  thu  point  ought  to  bs 
brought  torxh  to  add  confidence  in  the  basic  principle  Involved  in  Equation*  7 and  12. 

If  the  effect  produced  by  a displaced  flash  patch  la  mediated  by  stray  light,  then  thf- 
effect  of  varying  the  area  of  the  patch  should  be  completely  akin  to  varying  the  brightness 
of  the  patch.  In  order  to  demonstrate  the  extent  to  which  this  relationship  does  hold,  ex- 
periments have  been  carried  out  in  which  the  brightness  and  area  of  a displaced  patch  havu 
been  varied.  The  results  of  this  sort  of  experiment  for  three  subjects  are  presented  in 
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MINUTES  AFTER  THE  FLASH 


FIG.  I3A 

RETURN  OF  VISUAL  ACUITY  TO  NORMAL 
FOLLOWING  EXPOSURE  OF  A FLASH  PATCH 
DISPLACED  8*  FROM  THE  CENTER  OF 
THE  TEST  PATCH  AND  HAVING  VARIOUS 
ANGULAR  SIZES  AND  BRIGHTNESSES. 

DATA  FOR  PH.  THE  DURATION  OF 
THE  EXPOSURE  WAS  3 SECONDS. 


LOG.  WIDTH  OF  BAR  (MINUTES) 


Ht.  i iNAL  iLLuMiNANCt  (I)  PrtOOUCtD 
BY  FLASH  (TROLANDS) 


10, TOO  II, MO  41,100  HJT.COO  111,000  410,000  1,070000  1,100,000 


MINUTES  AFTER  THE  FLASH 


FIG.  I3C 

DATA  FOR'  M.A. 

THE  DURATION  OF  EXPOSURE  WAS  I SECOND. 


SOLID  ANGLE  (A)  SUBTENDED  BY  PERIPHERAL  FLASH  PATCH  (STE RADIANS) 


LOG.  WIDTH  OF  BAR  (MINUTES) 
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A.  DATA  FOR  PH.  B.  DATA  FOR  L.  Z. 

FIG.  14 

RETURN  OF  VISUAL  ACUITY  TO  NORMAL  FOLLOWING  A 
3 SECOND  EXPOSURE  OF  A FLASH  PATCH  HAVING 
VARIOUS  SIZES,  AND  APPLIED  TO  THE  BLIND  SPOT, 

AND  TC  THE  RIGHT  AND  LEFT  OF  IT. 


THE  PATCH  PRODUCES  A RETINAL  ILLUMINANCE  OF 
2,130,000  TROLANDS. 


r **  — -air* 


Figs.  ISA,  13B,  and  13C.  In  the  case  of  subjects  P.  H.  and  L.  Z. , the  area  as  well  as 
the  brightness  was  varied  in  log  unit  steps;  consequently,  diagonal  rows  of  graphs  sloping 
from  left  to  right  represent  products  of  arsa  and  brightnest  which  are  constant.  In  the 
case  of  subject  M.  A. , different  steps  were  uaed  in  varying  the  area;  consequently,  the 
analysis  is  somewhat  more  difficult  by  casual  inspection.  If  anything,  the  effect  of  varying 
the  area  appears  to  be  somewhat  more  effective  than  varyirg  brightness,  but  the  difference 
is  probably  not  significant  and  it  may  be  concluded  that  the  effect  of  a displaced  flash  patch 
is  mediated  by  stray  light  or  some  equivalent  mechanism. 

t*.  The  Effect  of  a Flash  Patch  which  Falls  in  ihe  Blind  Spot, 


In  Figs.  14A  and  14B  a comparison  la  made,  In  the  case  of  two  subjects,  of  results 
obtained  with  flash  patches  that  fall  In  the  blind  spot  and  to  the  right  and  left  of  the  blind 
spot.  The  pash  patch  to  the  left  of  the  blind  apot  la  of  couraa  cloaar  to  the  test  patch, 
and  conaequantly  tne  street  is  much  mors  pronounced  than  in  the  case  of  the  flaah  patch  on 
the  right.  The  Important  thing  la  that  the  effect  produced  by  a flaah  patch  falling  In  the 
blind  spot  is  Intermediate  between  that  produced  by  a flash  patch  on  either  tide,  at  leaat 
at  the  higher  brightness  levels.  This  indicates  that  little  is  added  by  having  an  active 
retina  underneath  the  image  of  the  flush  patch.  In  other  words,  in  this  sort  of  phenomenon 
the  retin*  sets  purely  as  a reflector. 


With  the  heads  of  the  subjects 
mounted  in  the  instrument,  the  blind 
spots  were  mapped  cut  with  the  subjects 
fixing  the  fixation  point  anJ  with  the  tar- 
gets for  mapping  ihe  blind  apot  kept  in 
the  plane  of  the  aperture  A'^.  In  this 
way  it  was  possible  to  demonstrate  di- 
rectly that  the  displaced  flaah  patch  fell 
within  the  blind  spot  when  placed  11° 
from  the  center  of  the  test  patch  In  the 
case  of  P.  H.  and  10  3/4°  in  the  case 
of  L.  2.  The  test  patches  in  relation 
to  the  blind  spots  are  shown  in  Fig.  15. 

F.  The  Effect  of  Using  Flash  Patches 
Larger  then  the  Test  Patch. 


A SUBJECT  PH. 


In  geueral  one  expects  the  adap- 
tation of  the  eye  to  be  a function  of  the 
adaptation  of  photoreceptors  within  the 
eye,  and  consequently  if  one  were  to  in- 
crease the  diameter  of  the  flash  patch 
from  8°  to  16°  or  32°,  it  would  not  b3 
expected  that  this  increase  in  area  of 
the  flash  patch  would  affect  the  adap- 
tation of  that  region  of  the  retina  which 
receives  the  linage  of  the  test  patch  ex- 
cept Insofar  as  the  total  amount  of  the 
stray  light  In  the  eye  would  be  increased. 
The  total  increase  In  stray  light  (veil- 
ing brightness)  at  the  center  of  the 
flesh  patch  resulting  from  an  increase 
of  its  diameter  from  8°  to  18°  is  equiv- 
alent to  only  1.  3%  of  its  brightness 
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and  a further  increase  in  area  to  32°  would  further  increase  the  amount  of  veiling  bright- 
ness only  0.4%  of  the  brightness  of  the  flash  patch. 

As  a matter  of  fact,  Wright®  has  already  demonstrated  that  the  adaptation  at  a given 
part  of  the  retina  produced  by  direct  exposure  to  a patch  of  brightness  is  not  measurably 
affected  by  the  area  of  the  pate’v. 

It  appears  to  be  worthwhile,  however,  for  reasons  already  stated  to  demonstrate  if 
possible  that  this  principle  operates  'under  the  conditions  of  the  present  series  of  experi- 
ments. Consequently,  an  experiment  was  devisee  in  which  the  ere*  of  a flash  patch  con- 
centric to  the  teat  patch  was  made  fi°.  16°  and  32°  in  diameter,  respectively. 

A special  type  of  exposure  device  was  necessary  for  this  phase  of  the  investigation. 
This  device,  illustrated  in  Fig.  lfi  iS  '-cmpletely  separate  from  the  major  instrument  de- 
scribed above  (Fig.  3).  It  is  necessary,  therefore,  for  the  subject  to  bite  the  biting 
board  of  the  flash  patch  exposure  device  (Fig.  16)  in  order  to  have  the  flash  patch  expoaed 
to  him  and  then  he  switches  to  the  biting  board  of  the  major  instrument  in  order  to  observe 
♦he  l*«t  natrh, 


The  head  la  fixed  in  space  by  means  of  a 
forehaad  board  and  a biting  board  so  that  the  en- 
trance pupil  of  the  rl/fht  eye  falls  at  the  point  E. 
The  lenaee  Lg  and  L-j  constitute  a Ramadan  type 
eye  piece  which  focuttes  an  image  of  the  aper- 
ture A i in  the  plane  of  the  entrance  pupil.  P» 
is  a beam  splitter.  Behind  the  aperture  A}  la 
a piece  of  milk  glass  and  a 7.  5 watt  incandes- 
cent bulb.  Si.  The  aperture  A1  constitutes  an 
aperture  atop.  Its  imago  in  the  plane  of  the  en- 
trance pupil  of  the  eye  la  2 mm  in  diameter. 

The  point  of  fixation  is  the  aerial  image  at  A4 
of  the  small  pin  point  aparture  A3  formed  by  the 
lens  L}.  This  point  of  fixation  la  seen  at  an 
angular  distance  of  5°  from  the  center  of  the 
aperturo  Ag.  When  the  aperture  Ag  subtends  a 
visual  angle  less  than  10°,  it  la  necessary  to 
put  a second  email  aperture  in  the  same  dia- 
phragm at  A4  in  order  to  permit  the  image  of 
A3  to  be  S'>en  at  A4.  When  A2  subtends  a largor 
visual  angle  than  10°,  the  second  aperture  is  un- 
necessary. Apertures  at  Ag  subtending  visual 
angles  of  8°,  16°  and  32°  hava  been  used.  The 
duration  of  exposure  waa  approximately  3 sec- 
onds. The  source  S}  was  turned  cn  and  off  by 
a microswitch  activated  by  a revolving  cam 
driven  by  a constant  speed  motor. 

The  procedure  in  carrying  out  the  experi- 
ment waa  as  follows.  The  forehead  rests  and 
biting  boards  of  the  two  instruments  were  ad- 
justed so  that  the  entrance  pupil  of  tha  right  eye 
would  fall  at  the  proper  points.  After  30  min- 
utes of  dark  adaptation,  the  subject  bit  the  biting 
board  of  tha  major  instrument  and  flxatad  the 
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fixation  point  steadily.  The  operator  started  the  recording  apparatus,  and  aoverel  determi- 
nations and  recordings  of  the  threshold  width  of  the  bar  were  made-  The  subject  then  bit 
the  biting  board  of  the  exposure  device  and  the  fixation  point  steadily  white  the  operator 
turned  on  the  motor  which  drove  the  cam  that  gives  a 3-cecond  Onpo-sure.  He  maraed  the 
cessation  of  the  flasn  on  the  record,  the  subject  then  moved  bach  ever  tc  the  major  in- 
strument for  measuring  the  threshold  width  of  the  black  har,  bit  the  biting  board,  and  thar. 
fixated  the  fixation  point.  The  operator,  starting  with  the  small-:*?  width  of  the  bar,  grarf.i- 
ally  increased  ne  width  of  the  bar  until  the  bar  became  visible  and  then  recorded  the  size 
of  the  bar  on  the  recording  apparatus.  This  process  was  repeated  until  the  threshold  widtn 
of  the  bar  returned  to  normal.  The  experiment  was  than  repeated  using  a 16°  flash  patch, 
and  after  the  effects  of  this  flash  patch  had  worn  off,  ths  procedure  war.  repeated  using  a 
32°  flash  patch. 


The  results  (Fig.  17)  indicate  that  the  effect  produced  is  somewhat  more  pronounced 
with  the  larger  flash  patches.  Insofar  as  the  results  do  differ  for  flash  patches  of  differ- 
ent size  they  are  in  variance  with  the  results  previously  described.  Eye  movements  and 
the  role  played  by  Ihe  border  of  ths  positive  after-image  might  account  for  part  of  this 
discrepancy. 


G.  The  Effect  of  a Flash  Patch  to  the 
(base  of  a Test  Patch  wlltH  a Lower 
Background  Brightness  then  6.  01~ 
Miililkmbert. 


It  was  intended  at  the  outsat  of  this 
Investigation  to  explore  the  effects  of 
bright  flashes  using  s background  bright- 
ness of  0.0002  millilambert  and  a 2 mm 
artificial  pupil.  However,  in  exploratory 
experiments  dealing  with  this  problem,  it 
was  soon  discovered  that  in  the  case  of 
three  subjects  not  even  tne  8°  test  patch 
could  be  differentiated  from  lta  dark  back- 
ground at  this  low  level  of  brightness.  The 
queetlon  remained,  however,  as  to  what  is 
the  lowest  level  of  brightness  at  which 
visual  acuity  measurements  can  ba  made, 
and  whathar  it  takes  any  longar  to  racovar 
from  a flash  of  light  at  this  lowast  leval 
aa  compared  with  a background  of  bright- 
ness oi  0.01  millilambert.  In  ordor  to 
study  this  phase  of  the  problem  end  in  or- 
der to  determine  the  lowest  level  at  which 
visual  acuity  me*«uramsnta  might  hs  made, 
the  following  experiments  wars  performed. 

Subject  L.  Z.  was  dark  adapted  for 
30  mlnutas  and  than  sxpoaed  to  a flash 
patch  superimposed  upon  the  test  patch  for 
one  second.  The  brightness  of  this  flash 
patch  waa  auch  aa  to  produce  a retinal  il- 
lumination of  14,  700  trolanda.  Following 
the  flash,  the  recovery  of  visual  acuity  was 
measured  in  the  normal  manner  using  a 
background  bright*?*  producing  0.  107 
troland.  The  only  deviation  from  the  usual 
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procedure  ».<as  that  e one -mm 
vertical  line  waa  uaed  which 
provided  a range  of  viaua)  an- 
gles from  a to  64  minutes. 

When  it  appeared  certain  that 
the  visual  acuity  had  reached 
a cuasinm  level,  the  bright 
ness  of  the  test  fieitl  was 
dropped  by  means  of  a v&ri&c 
to  a brightness  Is  vs!  producing 
0.040  troland  and  a aeries  of 
visual  acuity  measurements 
were  made  to  trace  the  pro- 
cess of  dark  adaptation  to  this 
lower  level.  After  the  visual 
acuity  measurements  had 
leveler.  off  at  this  brightness 
level,  vhe  brightness  was  dropped 
again  to  a level  producing  0. 024 
troland  and  another  aeries  of 
visual  acuity  measurements  was 
made.  An  attempt  waa  then 
made  to  repeat  the  process 
at  brightness  levels  producing 
0.  011  troland  and  0.  005  troland. 

At  thia  last  level  not  ordy  was  the  bar  invisible  but  also  its  background  could  not  bs  dif- 
ferentiated from  the  surround.  Following  thia  the  brightness  was  raised  back  again  through 
tha  asms  steps  to  the  level  of  0. 107  troland  and  at  level  a aerlaa  of  threshold  widths 

waa  determined.  The  data  for  this  experiment  are  plotted  in  Tig.  ISA. 

The  same  sort  of  experiment  was  carried  cut  for  subject  P.  H. , except  that  following 
the  30  minutes  of  dark  adaptation,  the  bright  flash  waa  omittad  and  the  subject  proceeded 
immediately  to  make  a series  of  visual  acuity  maaaursmsnts  at  a retinal  illuminance  level 
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of  0.  01  troland.  Th?  remainder  of  the  experl* 
merit  was  carried  out  in  the  aarr.e  way  aa  for  the 
subject  L.  S.  The  data  are  shown  In  Fig.  18E. 

The  data  for  P.  H.  indicate  that  when  the 
level  of  the  retinal  illuminance  la  dropped  to  a 
lower  level,  a short  period  of  time  la  required  to 
dark  adapt  to  thin  lower  level.  Only  one  instance 
of  this  sort  of  thing  is  found  in  L.  Z.  'a  record; 
namely,  whss  the  level  of  r*ti'ial  illuminance  was 
dropped  from  0.  048  to  0.  024  troland.  The  data 
in  the  second  half  of  the  experiment  for  each  sub* 
ject  were  analysed  by  averaging  at  each  retinal  11* 
luminance  level  the  threshold  widths  of  ths  bar  and 
than  plotting  these  average  widths  aa  indicatad  in 
Fig.  18.  These  data  explain  why  visual  acuity 
measurements  cannot  be  made  at  lowar  levels  of 
retinal  illuminance.  At  a level  of  0.  80S  troland 
the  width  of  the  bar  can  be  extanded  indefinitely 
without  reaching  a threshold  vaiua.  These  data 
are  in  agreement  with  the  data  of  Hecht  and  M 
who  also  used  a dark  bar  on  a uniform  background 
for  measuring  visual  acuity  at  low  levels  of  reti- 
nal illuminance. 
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THEORETICAL  CONSIDERATIONS 

A.  The  Advantages  sad  Limitations  of  the  Visual  Acuity  Method  of 
Measuring  Dark  Adaptation 

On#  feature  of  this  method  <■  that  in  tracing  the  course  of  dark  adaptation,  tha  retina 
is  constantly  exposed  to  the  level  of  retinal  Ulumlnanca  toward  which  it  la  becoming  adapted. 

Whan  the  flash  la  very  bright  and  the  duration  long.  It  la  not  possible  to  trace  the 
course  of  dark  adaptation  during  the  period  immediately  following  the  flash.  There  is  an 
upper  limit  beyond  which  increasing  tha  width  of  tne  bar  does  not  improve  its  visibility, 
and  this  is  the  thing  which  limits  fundamentally  the  extent  to  which  the  course  of  dark  adap- 
tation can  be  traced  by  the  visual  acuity  method  during  the  early  phases  of  the  process. 

In  the  caae  of  foveal  vision,  whers  the  number  of  ganglion  cells  in  the  retina  la  suf- 
ficient to  provide  each  photoreceptor  with  its  own  private  pathway  up  the  optic  nerve,  the 
blurredness  of  the  retinal  image  is  the  primary  factor  which  determines  th?  relationship  be- 
tween the  width  of  a bar  and  its  visibility.  Howover,  in  the  case  of  peripheral  vision 
where  tha  number  of  ganglion  calls  is  much  smaller  than  the  number  of  photoreceptors,  s 
large  number  of  photoreceptors  must  converge  upon  a single  ganglion  cell  and  area  summa- 
tion can  be  expected  to  he  a factor. 

The  data  lit  Figs.  18A  and  Fig.  18B  and  in  Fig,  10  indicate  that  increasing  the  width 
of  the  bar  uo  to  40  minutes  of  arc  Improves  Us  visibility. 

It  would  h&ve  been  possible  to  continue  this  experiment  by  using  bar  widths  exceeding 
those  used  and  varying  the  brightness  of  the  background  to  measure  the  threshold.  In  this 
way  one  could  trace  the  experiment  to  bar  widths  which  yield  constant  thresholds. 


At  any  given  level  of  oackgrouno  brightness  this  problem  could  be  studied  by  varying 
both  the  contrast  and  the  size  of  the  bar. 

B.  The  Form  of  the  Curve  tc  be  Used  to  Represent  the  Data. 

No  attempt  h&s  been  made  at  the  theoretical  level  to  determine  the  type  of  curve 
whicn  ought  to  bo  used  »o  ilt  the  data  showing  toe  recovery  from  a flash.  It  involves  not 
only  the  relationship  between  the  photochemical  proceae  in  th6  rods  and  the  discharge  of  Im- 
pulses, but  also  the  mechanisms  of  interaction  betwean  the  retino- cortical  pathwave  which 
determines  whether  a border  is  seen  or  simply  washed  out.  It  U hoped  that  It  will  be  pos- 
sible later  to  undertake  this  sort  of  analysis  of  the  data. 

The  problem  Is  made  somewhat  easy  by  the  fact  that  the  measurements  are  all  made 
with  a background  brightness  pr educing  a retinal  illuminance  of  0.01  troland  or  leas,  and 
at  these  levels  only  rods  are  Involved.  6 

C.  The  Use  of  a Long  Narrow  Bar  for  Measuring  Visual  Acuity. 

Attention  should  be  drawn  to  the  advantage  of  using  a long  dark  bar  on  a uniform 
fiald.  In  the  first  place,  It  makes  it  easy  to  assess  the  role  played  by  spatial  summation 
between  the  retlno-cortlcal  pathways.  In  the  second  place,  It  Is  easy  to  relate  the  visibility 
of  such  a test  object  to  the  visibility  of  a straight  boreer  separating  bright  and  dark  areas. 
As  a matter  of  fact,  he  the  width  of  the  bar  is  Increased,  the  problem  eventually  becomes 
transformed  Into  one  of  the  visibility  of  •>  border  separating  dark  and  light  areas.  In  the 
third  place,  the  mechanism  of  Interaction  between  rstiuo- cortical  pathways  which  la  Involved 
In  determining  the  visibility  of  the  border  la  much  easier  to  visualise  and  analyze  when  a 
straight  border  la  used  as  compared  to  a curved  one  such  as  Is  encountered  with  a circu- 
lar teat  object. 

D.  The  Role  Played  by  Eye  Movements. 

Eye  movements  undoubtedly  impair  the  precision  of  the  data  In  the  kind  of  experi- 
ments described  above.  Under  the  conditions  of  theaa  experiments  it  Is  very  difficult  to 
maintain  steady  fixation,  and  this  might  cause  considerable  variation  from  reading  to  read- 
ing. 


E,  The  Psychophysical  Method. 

The  method  employed  for  measuring  the  threshold,  which  Involves  bringing  the  size  of 
the  target  from  tha  aub-ttreshold  width  to  the  threshold  of  visibility  and  which  depends  upon 
the  subject's  ability  to  determine  when  the  bar  Is  at  the  threshold  of  visibility,  leaves  a 
good  deal  to  be  desired.  A more  effective  technique  can  no  doubt  b«  devised,  but  would  re- 
quire more  elaborate  apparatus  and  much  more  time  both  In  acquiring  the  data  and  in  analy- 
zing It.  It  was  not  felt  that  extreme  precision  was  the  major  objectlva,  and  It  is  believed 
that  the  date  enquired  do  provide  satisfactory  answers  to  the  problems  which  were  to  be 
solved. 

F,  Positive  After  Images. 

A complete  theoretical  Interpretation  of  the  data  in  this  report  mus*  Invu-.ve  considera- 
tion of  the  oositive  after  Image  produced  by  the  flash  as  well  us  the  depletion  of  the  avail- 
able photejenaitive  substance  In  9 photoreceptors. 
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SUMMARY  AND  COIJCLljS!ONS 

This  Investigation  has  succeeded  in  demonstr8**0®  tb®  operation  of  three  basic  princi- 
ples which  can  be  uu.,d  in  predicting  the  effect  of  *■  fl?9n  uPon  th®  subsequent  ability  of  an 
eye  io  see  dark  objects  against  a night  sky  backgr*>una* 

(1)  Tho  adaptation  of  any  given  part  of  the  ;■*'*"*  c-n  — r*Za**ded  as  being  independ- 
ent of  adaptation  processes  in  other  parts  of  the 

(5)  Pecipr^ity  and  Intensity  ha  “Mmpd  to  hold  at  ov®r  a 

three -second  interval, 

(3)  The  effect  of  a flash  diiplaced  from  that  of  the  retina  which  is  used  in  view- 

ing an  object  can  be  accounted  for  ir.  terms  of  str^y  Hght.  The  amount  of  stray  light  fall- 
ing at  any  given  part  of  the  retina  can  be  compute*  from  th®  Stiles-Holladay  equation. 

(Equations  7 and  12). 

It  is  true  that  the  constants  and  perhaps  the  form  ot  E<luation  (?)  need  to  bo  further 
verified  in  order  to  give  more  confidence  l-  tbv  us®  ®<tuatlon  for  engineering  pur- 

poses. It  is  already  known  that  the  for m of  this  i*luation  will  have  to  be  modified  for  small 
values  of  0.  It  is  believed,  ho-.vaver,  that  a more  dlrect  m®thod  than  the  on®  U8®d  h®r®  «•“ 
b?  used  for  determining  thee*  constants  and  the  b#,t  forTP  of  th*  ®a.uatlon*  9irc®  thl8  m6thod 
simply  demonstrates  the  operation  of  the  basic  prl^P1®8  at  low  1#vel®  °*  illuminance. 

Therefore,  the  repetition  of  these  particular  exper*”1®**8  ^ 8 lar*®r  number  of  subjects 
hardly  appears  to  be  in  order. 

The  most  basic  set  of  data  needed  for  er.gins®r^«  purpooes  for  the  problem  at  hand  is 
the  set  of  data  illustrated  ir.  Figs.  9A.  0B  anti  90  which  lhow  016  ®,,ect8  of  Hashes  of  dif- 
ferent brightness  and  duration. 

Since  it  is  shown  In  these  figures  that  » „,c, procity  sxi9t!’  between  duration  and 
brightness,  a single  s-t  of  curves  such  as  the  top  row  <*  curv*8  1x1  ®ach  ,I«ur®  representing 
c-ffects  for  various  values  of  IT  would  suffice.  It  #ould  undoubtedly  Prove  of  considerable 
value  to  have  a act  of  curves  which  fit  the  data  asd  "^lch  can  be  expressed  in  terms  of 
equations.  Such  a reduction  of  the  data  to  a set  </  equations  hat  not  yet  bean  attempted. 

For  engineering  purposes  it  might  appear  sufficient  at  Hrat  sight  to  select  curves  which  fit 
the  data  without  raference  to  the  theoretical  signifJcanc®-  ^he  limitation  to  such  a procedure 
is  that  curves  fitted  in  this  way  cannot  be  extrapoJBt,,d  V8ry  ?ar  beyond  -h«  actual  conditions 
of  the  experiments.  Curves  which  expraaa  basic  j’^unciples  give  more  freedom  in  this  ui- 
recticn. 

The  data  in  Figs.  9A,  and  C apply  to  a back«round  of  0-0107  troland.  Sets  of  curves 
for  various  values  of  IT  and  background  brightness  ®bouid  be  available  in  order  to  make 
calculations  for  any  level  of  sky  brightness. 

The  lowest  level  of  background  brightness  at  which  visual  acuity  measurements  can  be 
made  ia  one  which  produce*  approxlmatoly  0.01  trP^nd  °*  rat^n*l  illuminance. 

In  applying  date  obtained  with  dark  bars  on  s uniform  background  to  practical  situations, 
it  must  be  kept  In  mind  that  the  visual  acuity  maa*urof:  by  this  *yP®  ot  target  i8  better  than 
nbt*tn*H  bv  utmost  mv  other  tvpe  of  target.  f*’r  ®xac'Pt®*  by  a pair  of  bare  or  a Lan- 
ddlt  C or  a dot’  or  a latter.  Consequently,  ilbwa*c®  for  thi8  difference  must  be  made  when 
using  data  obtained  with  a single  narrow  bar  in  attemPtini  t0  Pr®dict  the  effect  of  a flash  of ^ 
light  upon  the  visibility  of  targets  of  a more  comp*®*  configuration.  At  low  levels  of  return* 
illuminance,  one  is  concerned  primarily  with  the  detection  of  large  objects,  and  for  this  pur- 
pose the  date  obtained  with  long  narrow  bars  app}?  dlr®ctly. 

i 

Ir  this  study  we  have  dealt  with  larga  patche®  brightness  uniformly  distributed  ir. 

' 


the  field  of  view,  or  with  displaced  patches  which  produce  ar.  indirect  effect  through  stray 
light  which  is  uniformly  distributed  over  the  retina.  If  the  region  of  the  retina  used  tor 
viewing  an  object  is  previously  exposed  to  a finely  articulated  pattern  involving  sharp  high 
contrast  borders,  this  chopped  up  pattern  of  adaptation  introduces  a complication  which  has 
not  been  considered  in  this  study. 
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